The impact of livestock grazing on landscape biophysical attributes in privately and communally managed rangelands in Namaqualand  by Petersen, A. et al.
South African Journal of Botany 2004, 70(5): 777–783
Printed in South Africa — All rights reserved
Copyright © NISC Pty Ltd
SOUTH AFRICAN JOURNAL
OF BOTANY
ISSN 0254–6299
The impact of livestock grazing on landscape biophysical attributes in
privately and communally managed rangelands in Namaqualand
A Petersen1*, EM Young2, MT Hoffman3 and CF Musil1
1 South African National Biodiversity Institute, Private Bag X7, Claremont 7738, Cape Town, South Africa
2 Centre for Arid Zone Studies, University of Wales Bangor, Llety’r Eos, Llanfairtalhaiarn, Abergele, LL22 8TU, United Kingdom
3 Leslie Hill Institute for Plant Conservation, Botany Department, University of Cape Town, Private Bag, Rondebosch 7701,
Cape Town, South Africa
* Corresponding author, e-mail: petersena@nbi.ac.za
Received 2 February 2004, accepted in revised form 10 June 2004
This study’s objectives were to compare the impact of
livestock on vegetation characteristics (species rich-
ness and cover), landscape functional attributes (nutri-
ent recycling, water infiltration/runoff, soil stability sta-
tus) and other soil chemical and physical properties at
different altitudes on privately and communally man-
aged rangelands in the vicinities of Kougoedvlakte,
Kuile and Paulskraal in Namaqualand. The applicability
of contemporary methodology for quantifying underly-
ing mechanisms contributing to landscape changes
was also evaluated. Statistically significant differences
in soil stability status and litter cover only were
observed between the differently managed rangelands,
these differences independent of altitude and attributed
to greater substrate disturbance by livestock. However,
on both the privately and communally managed range-
lands, soil nutrient and water infiltration status, rock
cover, soil alkalinity, salinity and total N content were
significantly greater at low than high and/or medium
altitudes. These differences reflected increased live-
stock grazing intensity with reduced rock cover, con-
comitant increase in soil alkalinity with increased faecal
pellet density and reduced soil salinity due to greater
erosion and active leaching of less organically rich soils
at lower altitudes. It is concluded that contemporary
methodology applied, which was originally developed
for grassland ecosystems, was unsuitable for detecting
changes in critical landscape functional attributes that
drive vegetation change within the succulent karoo
biome.
Various studies have indicated that communally managed
rangelands in the succulent karoo biome have changed in
vegetation structure and composition (Hoffman and Cowling
1987, Walker 1993, Milton 1994, Milton and Dean 1995,
Wiegand and Milton 1996, Todd and Hoffman 1999,
Wiegand and Jeltsch 2000). Indeed, communally and pri-
vately owned rangelands are managed relatively differently.
In communally managed rangelands, livestock production
plays an important role in subsistence production and
employment. Grazing practices are heavy and continuous
throughout the year, as opposed to moderate and rotational
grazing practices on privately managed rangelands. The
heavy grazing pressures on communally managed range-
lands has been attributed to their high stocking rate which in
the Paulshoek area has been calculated as twice the South
African Department of Agriculture’s recommended stocking
rate for this area (Todd and Hoffman 1999). Furthermore,
cropping on communally managed rangelands is predomi-
nantly rain-fed, and because of the low annual rainfall in the
succulent karoo there exists a high risk of failure in produc-
tion yields (Hoffman et al. 2000). In fact, farming practices
used during the 19th century are still presently in use on
many communally managed rangelands in the succulent
karoo, and only in some instances have traditional ploughing
practices recently become mechanised. The consequences
have been an overall reduction in soil fertility, especially a
reduction in soil nitrogen and organic matter (Allsopp 1999).
Current opinion holds that vegetation is merely an expres-
sion of soil condition, which in turn is influenced by climatic
conditions. Indeed, strong correlations exist between vege-
tation composition and soil properties (Whitford and Jeffrey
1995). Therefore, it would be useful if incipient change could
be detected in soils before the change is expressed in the
vegetation. Generally methodology based on soils focuses
on a soil type approach. However, Tongway and Hindley
(1995) developed a methodology that adopted a systems
approach based on principles of ‘landscape function’, i.e.
preservation of resources, allowing it to be applied to a full
range of soils. Most importantly, the methodology is relative-
ly straightforward, easily repeatable and readily adaptable
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by non-scientific persons, e.g. local farmers.
In view of all these findings, this study’s objectives were: 
1.To determine the impact of livestock on various compo-
nents of landscape function (nutrient recycling, infiltra-
tion/runoff, soil stability status) at different altitudes in pri-
vately and communally managed rangelands, and
2.To evaluate the applicability of the Tongway and Hindley
(1995) methodology in quantifying which deteriorating
rangelands required attention, e.g. livestock exclusion,
and where conservation projects, restoration studies and
other development projects, e.g. building of a dam, should
be located.
Materials and Methods
Study area
The study area comprised the privately and communally
managed rangelands in the vicinities of Kougoedvlakte,
Kuile and Paulskraal in Namaqualand (Figure 1). The mean
annual rainfall is 200mm, most of which is received during
winter (June–August). However, since 1999 this has been
only 141.5mm per annum. The succulent karoo vegetation in
the area is as an open to sparse (15–50% canopy cover),
low to dwarf (usually less that 1m tall) shrubland dominated
by succulents, fine-leaved evergreen shrubs and deciduous
shrubs. Spectacular mass flowering displays of annuals
occur during spring, especially in disturbed areas (Van
Rooyen et al. 1992). On rocky outcrops and along river
courses, small trees of less than 3m emerge, whilst grasses
are rare (Hilton-Taylor 1994, Milton et al. 1997).
Plot location
Plots 5m x 10m in dimension were randomised over three
different altitude classes (Low: 900–1 120m, Medium:
1 120–1 200m, High: 1 200–1 400m) on communally and
privately managed rangelands at three different locations in
the vicinities of Kougoedvlakte, Kuile and Paulskraal in the
study area (Figure 1). There were three replicated 50m2
plots per altitude class, per location, providing a total of 54
plots spread equally over the communally and privately
managed rangelands.
Landscape functional attributes
In each plot, soil surface conditions were scored for each of
the three principal landscape functional attributes applying
methodology described by Tongway and Hindley (1995).
These functional attributes included:
1.Water infiltration status (soil capacity to absorb and retain
water)
2.Nutrient recycling status (soil capacity to store and recycle
nutrients)
3.Soil stability status (soil capacity to resist erosion)
Soil physical properties
Rock cover and litter cover, inclusive of moribund plant
material and animal droppings, were visually estimated in
each plot and scored in accordance with the Braun-Blanquet
cover abundance scale (Mueller-Dombios and Ellenberg
1974, Kent and Coker 1992).
Faecal density, a reliable indicator of recent grazing inten-
sity (Riginos and Hoffman 2003), was determined from
counts of the total numbers sheep and goat droppings
around the boundary of each plot. This boundary was
marked with a tape measure and droppings in a 40cm
periphery inside (20cm) and outside (20cm) the plot were
counted. Counts were expressed as the total number of fae-
cal pellets per 1m2.
Water infiltration rate in each plot was determined within a
20cm diameter metal cylinder, one end of which was placed
on the soil surface without disrupting the soil crust. A 500ml
volume of water was gradually added to the open end of the
cylinder and the time required for this volume of water to be
completely absorbed by the soil recorded.
Soil chemical properties
A composite soil sample was collected in each plot by taking
ten randomly distributed soil sub-samples to a depth of
10cm in each plot. Each of the 54 composite soil samples
were analysed for total nitrogen, phosphorus, sodium,
potassium, magnesium, calcium and pH applying standard-
ised soil chemical analysis techniques (Okalebo et al. 1993).
Vegetation characteristics
Species richness was determined from the total numbers of
species present in each plot. Percentage vegetation cover
applying the Braun-Blanquet scale cover abundance scale
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Figure 1: Distribution of sampling plots on private and communally
managed rangelands in the vicinities of Kougoedvlakte, Kuile and
Paulskraal in Namaqualand, Northern Cape, South Africa. The light-
ly shaded points indicate plot positions on privately owned land and
the heavily shaded points plot positions on communally owned land
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(Mueller-Dombios and Ellenberg 1974, Kent and Coker
1992) was estimated from a Landsat TM scene recorded on
19 September 1995 from which a NDVI image was comput-
ed using IDRISI (Eastman 1990).
Statistical analyses
Differences in vegetation characteristics, landscape func-
tional attributes, soil physical and chemical properties
between the privately and communally managed rangelands
in different altitude classes and their interactions were test-
ed applying a 2-factor analysis of variance (ANOVA).
Significantly different treatment means were separated
applying a Duncan’s multiple range test.
Results
Landscape functional attributes
Only soil stability status and litter cover were significantly (P
≤ 0.05) lower on communal than privately managed range-
lands, but unaffected by altitude in both rangelands (Table
1). In contrast, soil nutrient status displayed no significant (P
≥ 0.05) difference between the privately and communally
managed rangelands but was significantly (P ≤ 0.01) greater
in the medium and high than low altitude classes in both of
the differently managed rangelands. Water infiltration status
exhibited a similar pattern. However, the differences were
only statistically significant (P ≤ 0.01) between the low and
medium altitude classes in both of the differently managed
rangelands.
Soil physical properties
Measured rates of water infiltration into the soil, as well as
soil faecal densities were insignificantly (P ≥ 0.05) affected
by either management type or altitude (Table 1). Percentage
rock cover was significantly (P ≤ 0.05) lower, and percentage
litter cover was significantly (P ≤ 0.01) higher in the medium
and high than low altitude classes on both the privately and
communally managed rangelands. However percentage
organic matter on both of the differently managed range-
lands was only significantly (P ≤ 0.05) higher in the low than
high altitude class.
Soil chemical properties
Soil pH declined significantly (P ≤ 0.01) with increasing alti-
tude in both the private and communally managed range-
lands (Table 2). However, soil Na concentrations were only
significantly (P ≤ 0.05) greater in the high than medium or
low altitude classes, and soil N concentrations only signifi-
cantly greater (P ≤ 0.01) in the high and medium than low
altitude classes in both of the differently managed range-
lands. Other soil elemental concentrations (K, Mg, Ca) were
insignificantly (P ≥ 0.05) affected by either management type
or altitude.
Vegetation characteristics
There were no significant (P ≥ 0.05) differences in vegeta-
tion cover and species richness between the privately and
communally managed rangelands or between the three dif-
ferent altitude classes (Table 2).
Discussion
Results did not concur with previous reports of altered veg-
etation structure and composition in communally managed
rangelands of the succulent karoo (Hoffman and Cowling
1987, Walker 1993, Milton 1994, Milton and Dean 1995,
Wiegand and Milton 1996, Todd and Hoffman 1999,
Wiegand and Jeltsch 2000). These previous reports con-
cluded that the higher stocking rates on communally owned
rangelands lead to shifts in species composition and com-
munity structure (Evans et al. 1997, Todd and Hoffman
1999, Vesk and Westoby 2001, Hendricks et al. 2004) sig-
nalling a decline in landscape functional attributes (Noble
and Brown 1997, Palmer and Mgxashe 2001). We observed
no significant differences in vegetation cover, species rich-
ness, landscape functional attributes, except soil stability
status and litter cover, or other soil physical and chemical
properties between the privately and communally managed
rangelands. One explanation for this discrepancy was the
location of sampling plots in previous studies in closer prox-
imity to village settlements, stock posts and water points
where invariably grazing intensities and their impacts on the
vegetation were much greater.
It has been proposed that overgrazing is the primary agent
that transforms a functional landscape into a dysfunctional
one (Freudenberger et al. 1997). One important conse-
quence of heavy livestock grazing is frequent disturbance of
the soil crust (Tongway and Hindley 1995, Ludwig and
Tongway 1997, Belnap and Gillette 1998) resulting in loos-
ening of the soil particles, which are then more vulnerable to
dissipation by wind and water erosion (James et al. 1999).
Indeed, the lower soil stability status and litter cover meas-
ured on the communal than privately managed rangelands
in this study was indicative of greater substrate disturbance
by livestock.
Other landscape functional attributes (soil nutrient and
water infiltration status) and several other soil physical (rock
cover, organic matter content) and chemical (pH, Na and N)
properties measured in this study only displayed significant
differences between the high and low altitude classes. The
high altitude classes were characterised by a significantly
higher rock cover, which it has been suggested may serve
as a buffer against heavy grazing in the Paulshoek area
(Todd and Hoffman 1999, Hendricks et al. 2004, Riginos and
Hoffman 2003), since rockier upland regions are known to
reduce livestock grazing impacts (Brown 1994, Birch et al.
1999, Gottfreid et al. 1999, Hendricks et al. 2004), which in
turn may partly explain the high species richness reported in
rockier regions in the succulent karoo (Cowling et al. 1999,
Harrison et al. 2000, Hendricks et al. 2004). The high
species richness in these regions may also reflect different
grazing patterns. The rockier upland regions in the succulent
karoo tend to be grazed only during the dry summer season.
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The predominantly perennial taxa present in this season
have the capacity to resist heavy grazing through chemical
or physical defence mechanisms, or through regeneration
from below ground meristems (Noy-Meir et al. 1989, Owen-
Smith 2002). In contrast, lowland areas are extensively
utilised for livestock grazing during periods of active plant
recruitment and growth in the winter season when many
ephemeral taxa (annuals and geophytes) are also prevalent.
The elevated soil nutrient and water infiltration status
measured in the high altitude classes in this study possibly
reflected both the physical properties of the landscape and
grazing intensity. Burke (2002) proposed that the innate
geology and landform of a landscape determines the relative
quantities of boulders, stone and gravel in the soil profile,
which in turn affects the quantities of water and nutrients
trapped and consequent plant productivity. Also, several
other studies have demonstrated that reductions in soil nutri-
ent recycling status resulting from the impact of livestock
grazing on plant cover (Ludwig and Tongway 1997, Noble
and Brown 1997, Thrash 1997, Palmer et al. 2001) with
heavy livestock grazing also exacerbating soil compaction
and thereby reducing soil infiltration rates (Andrew and
Lange 1986, Thrash 1997, Belnap and Gillette 1998, James
et al. 1999).
The significantly elevated soil N and Na concentrations
measured in the high altitude class in our study concurred
with Burke’s (2002) observations of a higher soil nutrient
content on upper slopes than foot slopes and lowlands, this
contributed to the greater resistance of organically rich soils
on upper slopes and crests to erosion and more active
leaching on foot slopes and flats caused by greater water
runoff and infiltration (Burke 2002). However, this was not
apparent in this study where measured water infiltration sta-
tus and water infiltration rates did not exhibit any significant
changes with decreasing altitude. The observed increase in
soil alkalinity (pH) with increasing elevation in this study cor-
responded with a concomitant increase in faecal pellet den-
sity, and supported Allsopp (1999) suggestion that the pH of
naturally acid succulent karoo soils have been transformed
in heavily grazed areas by livestock faecal and urine pro-
duction.
In conclusion, results of this study indicated that the
Tongway and Hindley (1995) methodology, which was origi-
nally developed for grassland ecosystems, was unsuitable
for detecting changes in critical landscape functional attrib-
utes that drive vegetation change within the succulent karoo
biome.
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